In order to explore the effects of pine wilt disease on the stand structure of Pinus denszflora forests in urban fringe areas of Okayama City, we researched two damaged forest stands and one undamaged forest stand. In one of the damaged stands, selective felling of dead pine trees were conducted, and in the other damaged stand, no operations to protect pine treees were conducted.
Succession in pine forests after disease damage was phytosociologically studied in the Seto Inland Sea areas (Toyohara et al. 1986; Fujihara et al. 1991; 1992) . Da and Ohsawa (1992) studied the dynamics of pine forests after the damage of the disease in the urban landscape. However, it is still necessary to obtain more information about the effects of pine wilt disease on pine forests and the consequent changes needed to manage those forests. Aerial application of insecticides and selective felling of deseased trees have been conducted in order to protect pine trees from this disease. The effects of these operations on stand structures have not been sufficiently studied.
The main objective of this study was to elucidate the effects of the damage by pine wilt disease on the stand structure of Pinus densiflora forest. Special attention was given to the effects of selective felling operations. We compared floristic composition, size distributions, age structures and growth of dominant species among three stands of P. densiflora forests in the outskirts of an urban area of Okayama City, located in the southern part of Okayama Prefecture.
The stands consisted of 1) an undamaged stand where P. densiflora had minimal damage, 2) a stand abandoned after damage, where many pine trees (P. densiflora) were damaged and any protective operations from the disease damage were not conducted , and 3) a selective felling stand where damaged pine trees (P. densiflora) were felled at an annual rate.
Sites and methods

Study sites
The study area was the urban fringe mountain area in Okayama City. The mean annual temperature and precipitation of this area was 15.3°C and 1157 mm respectively (Okayama Meteorological Station 1988 ) .
This area is located in a warm temperate zone.
We selected three study sites in this area (Table 1) . The number of damaged and felled individuals of P.
densiflora has been recorded annually in the research forest of Okayama University, including the selective felling stand (Fig.1) . The outbreak of the pine wilt disease was thought to have occurred from 1979 until 1981. The peak of the damage was observed in 1981.
The basal area, calculated from the dbh of P. densiflora in the undamaged stand was the highest among the stands (Table2). Many dead standing boles of P. densiflora were observed in the no protec- low but those of deciduous broad-leaved tree species, Quercus serrata, and evergreen broad-leaved shrub species were high in the undamaged stand. In the no protection stand, the relative value of the basal area of P.densiflora was the lowest among the three stands. Conversely, Evergreen broad-leaved tree and shrub species, Cinnamomum camphora, Dendropanax trifidus and Eurya japonica, dominated the stand. In the selective felling stand, the value of P.densiflora was high, but it was in part owing to low value of the total basal area in this stand. Deciduous broadleaved tree species, Quercus variabilis and Prunus spp,
were dominant in the selective felling stand.
The relative values of the evergreen broad-leaved shrub species, Ilex pedunculosa and E. japonica, were high in the understorey of the undamaged stand (Table5).
In the understorey of the no protection stand, the evergreen broad-leaved tree and shrub research forest of Okayama University where the selective felling stand was located. The outbreak of pine wilt disease coincided with the period of changes in radial growth of P.densiflora in the two damaged stand.
We compared annual increments of P.densiflora before and after 1981 (Fig.4) . In the damaged stands, both the suppressed and the dominant trees were released from suppression after the outbreak of pine wilt disease. The increase of diameter of broad-leaved species was suppressed constantly in the undamaged stand (Fig.6 ). In the two damaged stands, broad-leaved trees were also assumed to be released from suppression after the outbreak of pine wilt disease. However, those released from suppression were not found in E.
japonica, in the damaged stand (Fig.7, Fig.8 ). In the pine forests, pine trees were previously logged for timber. Shrub trees, plants and litter on the forest floor were removed for fuel, compost and fodder materials. This interference by man reduce succession in the pine forests. However, most pine forests were abandoned because fossil fuels and chemical fertilizer were used instead of fuel and fertilizer materials from pine forests. These changes in management regimes accelerated succession in pine forests (Nakagoshi1988; Nakagoshi1990, 1991; . Furthermore, the stand structure of pine forests has been changing drastically due to the damage by pine wilt disease.
Various community types were found in the pine forests damaged by pine wilt disease, with progressive or retrogressive succession (Toyohara et al. 1986; Fujihara et al. 1991 Fujihara et al. , 1992 . Toyohara et al. (1986) suggested that these variations were derived from topography and selective felling. Selective felling with logging was presumed to be a disturbance, causing a retrogression of succession. Da and Ohsawa (1992) pointed out that the invasion of pioneer species or shade intolerant species occurred in damaged stands in the urban landscape and these stands were in the adjustment stage of succession.
We examined the effects of pine wilt disease and selective felling operations on the structure and dynamics of pine forests. 
